Despite strong arguments in favour of centralising care of critically ill children to paediatric intensive care units, around 2000 children per year are cared for in non-paediatric intensive care units in Australia and New Zealand. This paper reports a survey of consultants from 13 such units that admitted over 50 children in 2002 and 2003, to find out what factors affect the decision to keep critically ill children locally or transfer them to a paediatric intensive care unit and what infrastructure existed to support local care of these children. The results of this survey form the basis for a proposal to improve care of critically ill children in the non-paediatric intensive care units.
The debate over care of critically ill children in centres without a paediatric intensive care unit (PICU) is well established in the medical literature. Some children clearly need transfer to a PICU from a general intensive care unit (ICU): for example, those who require specialist services that are not available at the peripheral hospital such as cardiac surgery, neurosurgery, or renal support. Others do not require transfer: for example those who merely require a higher level of nursing observation than can be offered on a general ward, or those who have unsurvivable pathology. The majority of children fall somewhere in between and require a decision either to keep them at the local hospital or to transfer to a PICU. This paper surveys how this decision is made and supported in hospitals in Australia and New Zealand and proposes measures to improve this process in centres without a PICU.
METHODS
With the help of the ANZPICS Registry 1 and the ANZICS Research Centre for Critical Care Resources 2,3 , all hospitals in Australia and New Zealand which had admitted 50 or more paediatric patients (<16 years) to their non-paediatric CU in either 2001/02 or 2002/03 were identified. An ICU consultant from each of these units was contacted and a questionnaire administered. The duty charge nurse of each unit was also contacted to find out how many nurses had either PICU qualifications or experience.
RESULTS
Fourteen non-paediatric ICUs (eight in Australia and six in New Zealand) admitted 50 or more children in either 2001/02 or 2002/03. All of these units replied, either to a telephone interview or (in two cases) by email. One hospital in Australia had since established a PICU and was excluded from analysis. One unit in Australia described itself as a combined adult and paediatric ICU, with separate beds but largely combined staffing for paediatric and adult patients. That unit is included in the 13 ICUs analysed below.
Admission patterns
The 13 units could easily be grouped into two types: larger-volume units which admitted an estimated 80 to 200 children per year and smallervolume units which admitted an estimated 29 to 50 children per year. The seven larger-volume units had the following characteristics: they estimated that 1 to 10% of their patients were retrieved to a PICU; with one exception, less than half of their paediatric patients received ventilator support, and all included some component of elective paediatric admissions, estimates ranging from 1 to 20% of total paediatric turnover. The six smallervolume units sent an estimated 10 to 100% of their patients to PICU; with two exceptions, more than half of their children received ventilator support, and only two of these units saw elective paediatric admissions. Table 1 lists reasons offered for transferring patients to PICU: only one consultant volunteered severity of illness as a factor.
Use of paediatric protocols
Ten of the 13 ICUs used at least one paediatric protocol (six of seven larger-volume units and four of six smaller-volume units). Areas of practice covered by protocols are listed in Table 2 . One larger-volume unit deliberately avoided paediatric protocols, preferring to integrate adult and paediatric practice.
Consultation with PICU about non-retrieved patients
Only one (smaller-volume) unit routinely discussed non-retrieved emergency patients with their regional PICU. One larger-volume unit routinely discussed all ventilated patients with PICU; these constituted around 15% of their paediatric admissions, with an estimated 10% of all paediatric admissions being retrieved to PICU.
Telemedicine support
Only one unit, a larger-volume unit, had telemedicine facilities to support referral or consultation with PICU. These facilities consisted of a video-conference set-up and direct access by PICU to local radiology images and pathology results. One smaller-volume unit was able to share radiology images directly with PICU. No other unit had any telemedicine capability.
PICU qualifications or training: medical staff
Six of the seven larger-volume units had at least one consultant (range: 1 to 4) with a qualification or formal training in PICU. Formal training was defined as training over and above that received in a conventional anaesthetic or paediatric training program: for example, a fellowship year in PICU. Two of the six smaller-volume units had one such consultant and one had two.
PICU qualifications or training: nursing staff
Six of the seven larger-volume units had nursing staff with PICU experience. This includes the Sedation (6) Ventilation (4) Fluids management (4) Drugs / infusions (4) Nutrition (3) Diabetic keto-acidosis (3) Croup (2) Airway / endotracheal tube management (2) Management of invasive lines (2) Asthma; bronchiolitis; head injury; analgesia; extubation; endotracheal suction; intercostal drains; urinary catheters; temperature control; criteria for ward discharge (1 each) hospital with the combined adult/paediatric ICU, which runs an in-house PICU training course that has trained an estimated 33% of their nurses. One hospital claimed that about 70% of their nurses had PICU experience; in other units, 2 to 35% of ICU nurses had PICU experience. Only two of the largervolume units had nurses with PICU qualifications.
In three of the six smaller-volume units, 1 to 5% of nurses had PICU experience. Two of these units had nurses with PICU qualifications.
DISCUSSION
This survey identified strengths and weaknesses in the infrastructure currently used by non-paediatric ICUs that commonly look after children in Australia and New Zealand. Strengths include a fairly widespread presence of medical and nursing staff with training and/or qualifications in PICU and the use of at least one paediatric protocol in most units. Possible weaknesses include the lack of discussion of non-retrieved patients with the regional PICU, the lack of clinical telemedicine support for such discussions and the fairly erratic coverage of clinical subjects by protocols.
In the 2002/03 audit year, 2281 children were admitted to non-paediatric ICUs in Australia and New Zealand 3 . Although 31% of these children received ventilator support, only 11.6% were transferred to a PICU. Hence 2016 children remained in a nonpaediatric ICU for the duration of their ICU stay, including at least 443 receiving ventilator support.
Arguments in favour of keeping critically ill children in a general ICU include: avoiding the hazards of transferring a critically ill and often technology-dependent child; maintaining the skills and experience of local clinicians; keeping family geographically close to their support network at a time of stress; and reducing the demand on PICU resources, including beds and retrieval services. Arguments in favour of transferring critically ill children to PICUs include: evidence suggesting that outcomes for such children are better in specialised centres; the harnessing of a volume effect to improve outcomes further; and more efficient use of resources by centralisation.
The evidence that outcomes for critically ill children are better in a PICU is strong, but not overwhelming. No randomised controlled trial on the matter has ever been performed. The existing evidence consists of direct, geographical, historical and volume-outcome comparisons. The geographical comparison by Pearson et al 4 is frequently cited and has generated extensive correspondence [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . This study compared outcomes in the Trent region of the United Kingdom, where paediatric critical care was relatively decentralised, to those in the Australian state of Victoria, where paediatric critical care was highly centralised. Mortality risk adjustment was performed using an internallyderived logistic regression model. They found an odds ratio for risk-adjusted mortality of 2.09 (95% CI 1. 37-3.19) for Trent compared to Victoria. They concluded that centralisation of paediatric critical care would reduce mortality. Concerns about bias due to double-counting of transferred patients in Victoria were soundly rebutted 11 . The analysis did not compare children cared for in a PICU to children cared for in a non-paediatric ICU.
Fraser et al 16 All four studies found higher risk-adjusted mortality for children in non-paediatric ICUs, although this reached statistical significance only in Pollack's study. Three of the studies stratified for mortality risk and all three found that the higher mortality in non-paediatric ICUs was mainly accounted for by those children with higher risk of mortality on admission; there was little or no difference in riskadjusted mortality of low-risk admissions. Indeed, in Gemke's study, low-risk children had higher mortality in PICUs than in non-paediatric units (interestingly, the highest risk-adjusted mortality in this study was seen at a PICU, not at a general ICU). A large portion of this mortality in ostensibly low-risk patients in PICUs was explained by withdrawal of support in patients with severe and incurable chronic disease. Five studies have compared outcomes for paediatric trauma patients in hospitals with and without PICUs [20] [21] [22] [23] [24] . All found non-significant trends towards better risk-adjusted mortality in hospitals with PICUs. In one of these papers, children with blunt injuries had significantly better risk-adjusted mortality in a paediatric centre.
Pearson et al 25 made a historical comparison of care of critically ill children in Birmingham, U.K., between 1991 when care was relatively decentralised and 1997 when care was much more centralised. ICU mortality fell from 9.4 to 6.3%. These figures were not risk-adjusted: the authors point to an unchanged ventilation rate (around 80%) as evidence that severity of illness had not changed significantly between the two eras. The problems of historical comparisons are well-recognised and perhaps apply more strongly to such a rapidly growing and technology-dependent speciality as PICU.
Four volume-effect studies, all from the U.S.A., examined the relationship between PICU patient volume and mortality. Three [26] [27] [28] showed lower risk-adjusted mortality with larger patient volume and one 29 did not. None of these studies included non-paediatric ICUs. One possible extrapolation is that non-paediatric ICUs, with generally low paediatric patient volume, are likely to have poorer paediatric outcomes. An alternative extrapolation is that larger (non-paediatric) units may have better outcomes, this benefit extending to their paediatric sub-populations. However, the volume effect has not consistently been shown to be beneficial in adult ICUs 30, 31 . A study comparing small PICUs and large general ICUs, both having a similar paediatric volume, would be of great interest.
In summary, the weight of evidence suggests that critically ill children-specifically those at higher risk of mortality-currently do better in PICUs than in general ICUs. This evidence has been used to argue convincingly for centralisation of paediatric critical care. Few voices have been found to argue a complementary conclusion, namely that the care of children in general ICUs can and should be improved. There is evidence of wide variability in the performance of general ICUs in caring for critically ill children 32 .
Pollack's 1994 study of organisational factors in PICUs 29 showed that the presence of a trained paediatric intensivist reduced the odds of dying to a ratio of 0.65 (95% CI 0.44-0.95); an even larger effect was shown by Goh et al 33 . Apart from bringing the child to the paediatric intensivist, we might also reasonably ask how we can bring the expertise of the paediatric intensivist to the child at his or her local ICU. This paper proposes a model of care for those children who are not transferred to a PICU, based on four points:
The use of protocols. Routine consultation with the regional PICU. Telemedicine support for consultations and referrals.
Increasing PICU experience of medical and nursing staff. Although not tested as a whole, there is a certain amount of evidence to support most parts of this model.
The power of protocols and guidelines to improve standards of care and outcomes has been clearly recognised since Grimshaw's systematic review in 1993 34 . Correctly used, protocols translate clinical evidence into high and uniform standards of care. Protocols governing a variety of aspects of paediatric critical care have consistently produced improvements in outcomes [35] [36] [37] [38] [39] [40] [41] [42] [43] . There is some suggestion that protocols may be of less benefit in highly specialised and skilled environments 44 ; it is tempting to speculate conversely that protocols may be of particular benefit where less experience and expertise is available. The non-paediatric ICU might choose to adopt protocols already in use at the regional PICU, improving uniformity of care and promoting seamless transition of those patients who are transferred to PICU. Alternatively, the non-paediatric ICU may choose to design its own in-house protocols, a process that can only improve their understanding of paediatric critical care.
In contrast to the wealth of evidence supporting the use of protocols, there is no evidence to say whether or not routine consultation with a PICU improves outcomes for children in non-paediatric ICUs. However, by involving the paediatric intensivist in the care of the critically ill child, the non-paediatric ICU may reap some of the benefit shown by Pollack et al 29 . A simple model of routine consultation could be the following: each morning after ward rounds, if there are any children in the non-paediatric ICU, the consultant phones the regional PICU and discusses the case(s) with a paediatric intensivist. The paediatric intensivist then has the opportunity to suggest improvements in care, or to recommend retrieval if warranted. Additional calls could be made as required, for example at admission, or in the event of a significant change in condition. This model of consultation would have additional benefits in providing continuing medical education to the non-paediatric 1.
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Anaesthesia and Intensive Care, Vol. 35, No. 6, December 2007 intensivist, giving PICUs a clearer idea of paediatric activity in their region and fostering closer teamwork between PICU and non-paediatric ICU. The workload for the non-paediatric ICU is small. The workload for the PICU may be more significant, particularly if there are several peripheral units subscribing to the scheme: in this case, it may be best for the liaison paediatric intensivist to be one who is not covering the PICU on the day. The role might comfortably fall to a separate paediatric intensivist covering retrieval, if there is one. The increased workload for PICU in providing consultation might be offset by a reduced need for PICU beds and retrieval.
The use of telemedicine to bring intensive care expertise to peripheral units dates at least 30 years 45 and is increasing. Two studies 46, 47 in the last seven years have shown improvement in mortality and other outcomes during implementation of a telemedicine program in remote general ICUs. Telemedicine has been used specifically to provide paediatric intensive care expertise 48, 49 . Although these studies did not examine outcomes, they reported a high degree of satisfaction from health care providers and parents. Apart from facilitating remote management, telemedicine facilities could also assist in retrievals 50 . In this era of widespread broadband internet, secure servers, webcams and digital radiology, a relatively inexpensive telemedicine set-up can be established without too much difficulty. More expensive commercial systems offer additional benefits of data processing, smart alarms, computerised decision support, resource monitoring and performance analysis (the 'eICU') 51 . Proponents claim that reductions in ICU stay and increased resource efficiency more than cover the expense of such a system 47 , although this is likely to be scale-dependent. The use of telemedicine to support a system of routine consultation with PICU could be a very efficient way of bringing the paediatric intensivist to the patient.
There is evidence to show that paediatric intensivists reduce risk-adjusted mortality for critically ill children 29, 33, 52 . It is not feasible to expect all consultants in a non-paediatric ICU to have formal PICU training, but the presence of at least one such consultant provides a focus for development of paediatric expertise and protocols throughout the unit. Non-paediatric ICUs with a significant paediatric workload might consider actively recruiting such a person. Another strategy would be to grant study leave or sabbaticals to existing intensivists to pursue further experience at a PICU. It is conceivable that some paediatric intensivists may wish to gain or further their experience of adult ICU; an 'exchange sabbatical' would bring paediatric expertise to the nonpaediatric ICU by two different routes.
No data are available concerning the effect of PICU nursing experience on outcomes; however, any attempt on the part of doctors to implement PICU expertise will be difficult without paediatric nursing support and skills. The same considerations apply as above: if a small core of PICU-trained nurses can be recruited to the non-paediatric ICU, they can disseminate skills and expertise and where feasible, opportunities should be made for existing nurses to gain experience at a PICU.
Many of the units in this survey are some way towards implementing similar models of care to that proposed. Nine of 13 units have at least one consultant with formal PICU training, nine of 13 have at least one nurse with PICU training and 10 of 13 have at least one paediatric protocol in use, although the range of topics covered by protocols seems haphazard. There is very little routine consultation with PICU for children kept at the local ICU and very little availability of telemedicine. Although this model of care remains to be tested as a package, there is evidence to support its individual components and it is likely that it would result in improvements in outcome and resource utilisation.
